With the depleting resources of non-renewables more studies are focusing on the efficiency of the wind power generation. Previous work suggests that the wind shrouding devices have potential in improving the efficiency (Kosasih & Tondelli, 2012; Dakeev, 2011 Dakeev, , 2014 .
Introduction
Large scale wind shrouding devices are expensive to build and maintain, however, if used properly, the wind power is great source of renewable energy that gives the incentive to work on improving the technology (Foote, 2011) . A recent study with a cone shaped wind guide system inside the shrouding resulted in more than 60% power outcome compared to a conventional bare wind turbine (Dakeev, 2014) . Additionally, researchers reported that the wind augmentation device significantly influences power generation (Kosasih & Tondelli, 2012; Dakeev, 2011) .
The Betz Law states that no wind turbine can capture more than 59.3% of the kinetic energy in wind (Betz, 1966) . Utility scale wind turbines achieve approximately 75% to 80% of the Betz limit at their peak (Burton, 2001) . Although Betz Law limits the wind turbines from producing no more than 59.3% Hansen (2000) reported that enclosing the wind turbine within the shroud can improve the power generation beyond the Betz limit (Hansen, 2000) . The purpose of this study is to design and construct the optimal wind shrouding device to amplify the incoming wind velocity for more efficient power generation. The engineering students from different undergraduate backgrounds constructed four custom designed wind augmentation devices to investigate the potential wind increase. For example, one of the students with business background was involved in the 3D modeling and 3D printing, building the device in the laboratory, collecting the data, as well as data analysis using IBM's SPSS tool.
Literature Review
Constantly changing wind velocities require building a dynamic wind shroud with sensors to determine the optimal relationship between wind velocity and angle wind shrouding adjusts to for better power generation. However, determination of the optimal design of the wind augmentation device plays a crucial role on the efficiency of power generation. Ohya and Karasudari developed a collection-acceleration device for wind in 2010, which was a diffuser shroud equipped with brim, called wind -lens (Ohya & Karasudari, 2010) . They tested two types of hollow-structure models; a nozzle, and a diffuser type. Their experiments revealed that the diffuser-shaped structure could accelerate the wind at the inlet. Another research in 2014 reported that the power generated by an experimental small-scale wind turbine increased more than 60% (Dakeev, 2014) when the shroud was introduced. The researcher tested and analyzed the wind shrouding to evaluate the performance of the wind turbine at various wind velocities.
Dakeev and his team concluded that power generation significantly increased with the wind shrouding system (Dakeev, 2014; Dakeev & Mazumder, 2015) . Additionally, Tondelli and Kosasih in 2012 approached the wind shrouding with a different design. They added a flange to the exit of the diffuser and suggested the brim design should be incorporated in the shroud designs (Kosiah & Tondelli, 2012) . This paper discusses how various designs of the shrouds can affect the wind velocity at the inlet and the outlet of the wind augmentation devices.
Methodology
The study involves both testing and analyzing the custom designed wind augmentation devices ( Figure 1 ) to evaluate the efficiency of air flow. Three students from mechanical engineering, civil engineering and business administration teamed up to develop the specified designs. For the phase one, the designs of three shrouds, 20 0 , 25 0 , and 30 0 , were 3D printed to investigate the wind velocity change between inlet and the outlet. All three students developed the three dimensional models for 3D printing. Mechanical, and the civil engineering students constructed the remaining cylindrical shape from the sheet metal with the assistance of the thirds student with business background.
A miniature blower, with the outlet diameter of 7 inches, was utilized to produce an artificial wind in a closed environment as shown in Figure 1 . A total number of 90 readings from the anemometer were collected in the laboratory setting for all three designs as illustrated in The phase two compared a custom constructed wind shroud with a flange at the exit of the device with the most optimal design previously designed. In other words, the researchers identified the most optimal design for the wind shroud during the phase one and added a flange to the same shroud to collect wind data (Figure 3 ). Collected data was sent to SPSS for t-Test analysis to compare the flange design wind readings with the proven design from phase one. For the phases 1 and 2, the students with different undergraduate backgrounds needed to learn SPSS.
As they learned t-Test or One Way ANOVA analyses, they discussed as a team to report the interpretations of the collected data. 
Data Analysis
Collected wind velocity data was analyzed using IBM's SPSS software for One Way ANOVA and the t-Test for phases one and two respectively. The independent variable, the inlet velocity, was compared with the outlet wind speeds for all three designs 20 0 , 25 0 , and 30 0 as well as the flanged shrouding design.
The descriptive statistics in the The Tukey analysis drew further conclusions to determine the shroud with the maximum significant difference in the means of inlet and outlet wind data. The second phase of the analysis was to introduce the flange to the custom wind shrouding (Figure 3 ). Twenty degree shroud was selected to compare the wind speed outcomes between the flanged design and without flange. Since the researchers already had 20 0 design wind data, the flange was constructed on top of the 20 0 design shroud. Constant intake wind velocity experiment was repeated 30 times to collect readings from the flanged diffuser. A t-Test comparative analysis (Table 5) revealed that there is no significant difference between the wind velocity data at the exit of the shrouds (p=0.417>0.05 alpha level). The descriptive statistics in Table 4 shows that outgoing wind velocity means are very close to each other (Mean without Flange=25.81, Mean with Flange=25.34). Therefore the phase 2 of this study did not reveal any significant difference between the wind velocity output means when the flange introduced.
Conclusion
The purpose of this study was to investigate the optimal design for wind augmentation devices. The researcher developed three designs with various inlet angles for comparison reasons. Additionally a flange was introduced to a diffuser to investigate if there was a significant difference when the flange had been introduced. One way ANOVA test resulted that the 30 0 angled shroud was increasing wind velocity significantly differently compared to the inlet wind velocity. Moreover, the 30 degree shroud was the most efficient with the highest mean values of wind speeds at the exit of the shroud. However, all of the designs (20, 25, and 30) were capable of increasing the wind velocity significantly. On the other hand, the flanged diffuser did not reveal significant difference in mean wind speeds when compared to a regular 20 0 degree design. This study was beneficial to the involved students with different undergraduate majors (mechanical, civil and business). The masters' students in Industrial Management learned a 3D modeling tool, 3D printed the designed products, and collected the data. Additionally, the students learned how to accurately interpret the statistically analyzed data and present it in both written and oral forms. The leading faculty believes that presenting the outcomes of this study in ASEE 2016 the students will gain further interest and motivation for the research.
Future work
The analyses of various shroud designs revealed important information on the future construction of the shroud. Although the abstract initially said a wind turbine would be included to investigate the power generation with the shrouds the custom constructed designs were too small to test with the 400W rating wind turbine. The researchers will be developing a custom shroud with 30 0 angle to investigate the power generation by a small scale wind turbine. The next phase of the study will include constructing a bigger scale wind shroud with 45-50 diameter outlet for 400W to 1.2kW wind turbine. The outcomes of the next study will be reported in various conferences/publications.
